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SUMMARY

A marned hybrid simulaticn hes been conducted tc determine the Service
Moduie (SM; RCS fuel requiremente for e Lunar Module [IM) rescue in
lunar orbit, The obiective of this atndy is to define more f117 the
CSM consumables requiraments, and the effect of & VHF renging device,
in the event that the LM becomes unable to complete the conceniric Ten-
dezvous sequence followlng powered mscent from the IURAT BUrTacE.

Thie study investigated ornly the terminal phsse of rendezvous starting at

~IPI. _Thus, the study assumed that tae 1M had completed the powered as-
cent, from a 45 E landing site, and insertion into & 10 x 30 nmutical mile
orbit, It was also assumed the CSI and CDH maneuvers had bsen made,

All primary mode navigation, guidance, and ccntrol tasks were complet

by the CSM us the sextant iSITS only, or the SXT and for improve-
ment of P erived state veclors, " In the beclkup (PNGCS failed) mode
the ground furnished concentric sequence maneuvers to the CSM, while the
IPI_and midcourse mansuvers were det.srmir iine-of-sight rate
correction technique develcped by the GCD. When VHF ranging information
wae avallgble In the backup mode, Geminl Lackup charts were ussd to deter-
mine the maneuvers. The resulting SM-RCS fuel requirements were 418 and
495 pounds for the primary and backup modes, respectively. The addition
of & VHF ranging device saves ar sverege of 15 and 52 pounds o -

fuel in the primary end backup modes, respactively,

INTRODUCTICKN

A piloted simulation study of the IM rescue in Lunar Orbit has been con-
ducted by GUD %6 aid In the planning :

determine the udequucy of the SM-RCS fuel budgst., Also included in the
study was an eveluaiion of the usefuiness of stale vector improvement using
VHF ranging cata for the (SM and its effect on SM-RCS fusl requirements

for both primary and backur mode rendezvous, It is the purpose of this
report to present and discuss the results obtainad,

SIMULATION DESCRIPTION

wag eimulated in six degrees-of-freedom and that of
ing general The

e

differential analyzer (DDA) and the short erl

notion] on analog computers, ttitude control
end was girulated in a simplified Block II configuration, The jet
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select logic was simplified., A simulator cockpii was coupled witk the
general purpose computers for pilot monitoring snd control of the rendez-
vous trajectory. A virtual image displey system, driven by the DDA, dis-~
played a model of the LM/SIVB to the pilot in simulated three dimenaional
space. For a “etailed description of the simulation mechanization, refer
to Reference -

SIMULATED R2DZVOUS TRAJECTCRIES

The CSM rendezvous situation simulated was oneoin which the LM beccmes
Inactive immediately after insertion from a 45 Esst lending site, thus
leaving the IM in an elliptical (10 n mi x 30 n mi) orbii, The simula-
tion used for this study, however, wes programmed only for circular tar-
get orbits, Therefore, it waa decided to simulate the IM in & 10 n mi
eirnuiar orbit rather than the elliptical one diacuassed above,

The irajectory dispersions caused by navligation errors cn both vehicles
-were comblned and appllied only to the C&M irajectory. 1In other words,

the IM was placed in an exact 20 n mi circular orbit and the CSM relstive
trajectoTy was dispersed to account for navigation errors on both vshicles.
Table I gives the LM inertisl statec vectors and CSM relative inertial state
vectors (designated actual trajectory) used for each navigation case,

ONBOARD STATE VECTOR ERRORS

State vector errors based on the navigation available in each case wore
obtained from an off-line digital simulation and added to the CSM actual
relative trajectory to determine the CSM onboard relative trajectory,
These initial oaboard state vectors are given In Table I and répresent
navigation both with and without VEF ranging information to aid in state
vector improveaent,

SIMULATEL CREW PROCEDURES

In cases where the PNGCS wes assumed to be worklig, tae midcou:ie correc-
tion wea_computed onboard and applied at TPi + 27:C0 minutee, These runs
are initiated a2t TPI + 26:00 minutes. In primary mcde, the pilot used the
range end range-rate data displayed on the DSKY to ~enitor the progress of
the rendezvous and to sontrcl .he braking phase. In vackup mode where VHF
range data was present, range-rate was derived mentally every few minutes
by differencing range over a one minate time intervel. In the backup mode
where no direct range data was available, both rangs and range-rate weve
estimated vsing elapsed time, backup charts, and visual cues. The pre-
cedurss are summarized in Table II,
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SIMULATION RESULTS

Tne SM:-RCS dats ottaired in each simdaticn run is listed in Table III in
termg of roll (Wp), pitch (ilg), and yaw (Wr) attituda ~nntrel fuel and
tranglation 8V along the Three body axes (AVxs AVys BVz J» The tisnsla-
tion AV is also given in terms ot TPI, MCC's, and TPF maneuvers, It should
be noced, however, that tne TPL attitude and %ranslation fuel 1s not in-
cluded in the fuel numbers listed by axes (Wp, Wq, Wr, AVy, AVy, AV, for
the runs where the PGNCS was operational since these rumns started after
TPI, _The TPl attitude and translatlon Iuel Is Included 1 TOTAL FUEL Tor
these runs, In cases where the PGNCS was operational, the SCS attitude

foel obtained in the simui=tion was reduced by _21._3_'3 (AVx) (where §z = cg

oifset in 7 direction and 1 = thruster moment arm) for picch (Wq) and
24 y(&Vy) (uhere .r y = .g. offset in ¥ direction) for yaw {Wr) to reflect
1

equivalent DAP operation with X-axis thruster pricrity logic. A conversion
of 4.3 1b/"ps was used to obtain total fuel.

DISCUSSION OF RESULTS

It can be seen {rom the SM-RCS Fuel Required given in Table IV that an
average saving of 18 and 52 pounds of SM-RCS fuel was realized in the
primary and backup modes repsectively when VHF range information was avail-
able for navigation, The bulk of this saving occurred in the midcourse
correctior phase because of a lower trajectory dispersion and a more
accurate calculation of the MCC when VHF range information was available.

Although a substantial saving in fuel was not realized in the braking pbase
using VHF range, it did make the monitor and control tasks much simpler
wnich resulted in & more standard approach trajectory tc the target. It

is gignificant to note that the fuel required in the braking phase for both
range rate and 10S rate control averaged very near 5C fps for both primary
and backup modes, with and without VHF ranging,

CON(CLUSIONS

Based on the results of this study, the conclugions are:

1. A CSM resuce of the LM in lunar orbit will require an avsrage of
418 pounds of SM~RCS fuel in the primery mode and 495 pounds in the
backup mode for the phase starting just prior to TPI and ending at
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the docking interface (}.1 <1 fps; 10S Rate < 0,1 mr/sec)., This
assumes initialization errors as defined in Table I.

The addition of 8 VHF ranging device will save an average of 18
and 52 pounds of SM-RCS fuel in the primary and beackup mcdes re-
gspectively, for this rhase,

The addition of a VHF ranging device will make the terminsl phase

mich easier to fly, thus providing Jor a more standard appicach pathk
to the target.
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TABLE I1I. - CREW PROCEDURES POR SIMULATION
OF [M RESCUE IN LUNAR ORBIT

:‘.‘ime Event Crow
0:00 TP1 Made by MPAD,
26:00 Pre TPM 1, Start simiation run,
2. Place all attitude control mode switches in RATE
NOANRIAY

3, Maneuver to bur.. attitude with rate of 0.1°/sec
(boresight X-axis),

26:30 Pre TFM 1. Calculate MCC maneuve~ using onboard routines.
27:00 TPM 1. Manually thrust out MCC using RC3 jets along each
body a.xis.
28:00 Pre TPF 1. Place pitch and yaw attitude control switches in
" MIN IMP,
2. Boresigat target in reticle and track to monitor
the LOS rate,
30:00 Pre TPF (Backup Mode MCC)

1. Place all attitude cortrrl mode switckes in RATE
COMMAND.
2, Boresight target in collimated reticle,
3. Time LOS drift from center of reticle out to
’ inner circle of reticle,
* 4. Read MCC from backup chart using 1L0S drift
elapsed uime,
5. Boresight target and manually thrust out MCC
using RCS jets along each body axls,
6. Place pitch and yaw attitude contrcl switches in
MIN IMP.

34:30 Pre TPF 1. Boresight terget and read zomputed SHAFT/TRUNNION
angles (A%E) for estimuted LGS. If either angle is
greater than 5 degrees, do not use computted range
and range rate in braking phass,

35:00  Pre TPF ‘ (Backup Mode MCC)
Same as at TPI + 30:00 min.
35:30 Pre TPF 1. Place all attitude contrcl switchez in RATE
pis COMMAND .
5 y 2. Thrust inplane end out-of-plane LOS Rates to zerv

using RCS jets,
3. Track target and maintaln LOS Ratee at zero,

38:30 TPF 1. Brake range rate to -15 fps. (If range rate un-
certainty is +5 fps or greater, do not brake at
v this point,)
2. Track target and maintain 10S Rates at zero,

44:00 TPF Breke range rate to ~5 fps.
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TABLE IV

SM~-RCS AVERAGE FUEL REQUIRID

Primary Mode Backup Mode
. Event SXT__ |sxu/veF | coss  |coas/veF
M TP | o6 | ook | oot 85¢
(translation)
TPM 774 54# 1264 624
trangslation)
TPF 2204 226# 2134 213#
(transletion)
r—l
Translation Control 393# 3764 4084# 360#
Subtotal
(TPI, TPM, 1PF)
Attitude Control 25# 24 8T# 83#
St btotal
(TPI, TP¥, TIF)
Total ‘ 4184 400# 495¢ 4434

’
3
2
‘3
i

A
k3
q
5




